Objective: This study aimed to evaluate the immediate effects of medial arch supports on indices of medial knee joint load (the peak external knee adduction moment (KAM) and knee adduction angular (KAA) impulse) and knee pain during walking in people with medial knee OA.
Knee osteoarthritis (OA) is a prevalent musculoskeletal condition worldwide and 2 is a leading cause of knee pain and disability amongst elderly people. Of the 3 three knee joint compartments, knee OA is most commonly observed in the 4 medial tibiofemoral joint 1 . This is most likely due to the greater loads applied to 5 this compartment (relative to the lateral) during walking 2,3 . Furthermore, 6 excessive medial knee load is also believed to contribute to the progression of 7 structural disease in people once the disease is established. Research has shown 8 that an increased external knee adduction moment (KAM, an indirect 9 biomechanical marker of compressive medial knee joint load) significantly 10 increases the risk of medial tibiofemoral OA structural deterioration over time 4,5 . 11 As there is no cure for OA and arthroplasty is the only treatment for end-stage 12 disease, it is important to prevent or minimise the rate of structural deterioration 13 in the knee joints of afflicted individuals as much as possible in order to reduce 14 the personal and societal burden of disease. 15 16 During walking, the foot and the knee are linked within a closed kinetic chain, 17 thus foot position and motion may influence load at the knee joint. Accordingly, 18 shoe insoles can potentially increase or decrease knee load depending on their 19 specific design features 6 . It is thus recommended in clinical guidelines that every 20 patient with knee OA receive advice concerning appropriate footwear 7 . 21
Compared to other non-drug interventions for managing knee OA (such as 22 exercise), there is little evidence from randomised controlled trials available to 23 guide clinical practice regarding which shoes and shoe insoles are optimal for 24 people with medial knee OA (and conversely, which should be avoided).
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
4 However biomechanical evaluations suggest that "minimalist" flexible 26 lightweight footwear may be most suitable 8 , and that high-heeled shoes are best 27 avoided 9-11 . Regarding insoles, most research has focussed on laterally wedged 28 insoles, and although these can reduce medial knee load 6 , they have not been 29 shown to have any significant effect on symptoms or joint structure [12] [13] [14] . 30 31 Medial arch supports are foot orthoses that provide support to the medial 32 longitudinal arch of the foot, with the aim of realigning skeletal structures and 33 altering lower limb movement patterns during walking. They are readily 34 available in pre-fabricated non-customised form. Retailers and manufacturers 35 frequently promote medial arch supports as being beneficial for shock 36 absorption and increased foot stability 15 . Importantly, given that patients with 37 medial knee OA have a greater prevalence of pronated feet compared to 38 asymptomatic age-matched controls 16 , and that recent cross-sectional data has 39 linked the pronated foot type to increased frequency of knee pain and medial 40 tibiofemoral cartilage damage in older people 17 , health care clinicians frequently 41 prescribe these orthoses to patients with knee OA. Significantly, many people 42 with musculoskeletal conditions (such as OA) also self-administer medial arch 43 supports without consulting a healthcare professional given they are readily 44 available for purchase over the counter in retail outlets, irrespective of whether 45 such orthoses may be indicated or not for their condition. Given that the causal 46 relationship between pronated foot posture and knee pain and cartilage damage 47
In fact, because of the focus of support to the medial longitudinal arch of the 52 foot, it is possible that medial arch supports may cause a medial shift in the 53 centre of pressure, thereby increasing the distance between the ground reaction 54 force and the knee centre and thus increasing the KAM during gait. Using a 55 novel foot-worn biomechanical device that permits controlled manipulation of 56 the centre of 'pressure' location (centre of force as measured by a force 57 platform), Haim et al 18 showed that a medial shift in the centre of pressure (from 58 neutral) significantly increased the peak knee adduction moment by 59 approximately 6%. Previous research has shown that a varus (medial) wedge 60 orthosis results in a medial shift of the centre of pressure in young healthy 61 people 19 . Further indirect support for this argument comes from biomechanical 62 research on laterally wedged insoles, which provide a laterally-directed 63 (eversion) bias to the foot (ie the opposite to medial arch supports). Lateral 64 wedges shift the centre of 'pressure' (centre of force as measured by a force 65 platform) laterally and lower the KAM 20-22 , which is why these types of insoles 66 have been advocated on biomechanical grounds as beneficial for people with 67 knee OA. Cross-sectionally, people with medial knee OA naturally demonstrate 68 a lateral shift in centre of pressure compared to healthy controls 23 , the reasons 69 for which are unknown which but could theoretically reflect an adaptive 70 response in an attempt to lower the increased knee loads associated with the 71 disease. increased the peak KAM in late stance during walking by 6%, and in early 77 stance during running by 4% 24 . In another study of healthy people 25 , flat 78 orthoses with a medial arch support did not significantly alter the KAM, 79 however these were attached directly to the sole of the foot with tape and the 80 participants did not wear shoes during testing, limiting the external validity of 81 this study. In the only study of people with knee OA 26 , a modified orthotic that 82 comprised both a medial arch support and lateral wedging was used. Given the 83 use of a combination orthotic, and a control condition that also included medial 84 arch supports, no conclusions about the independent biomechanical effects of 85 medial arch supports can be drawn from this study. 86
87
The primary aim of this study was to evaluate the immediate effects of medial 88
arch supports on indices of medial knee joint load (the two peaks in external 89 KAM and the knee adduction angular (KAA) impulse) during walking in people 90 with medial knee OA. A secondary aim was to evaluate the immediate effects of 91 medial arch supports on knee pain during walking, given that some research has 92 demonstrated a positive relationship between pain and the KAM 4,27,28 . It was 93 hypothesised that medial arch supports would increase both the first and second 94 peak KAM and KAA impulse, and in doing so would increase knee pain. inserted inside standardised athletic shoes. We also evaluated whether the 251 addition of medial arch supports could immediately change the severity of knee 252 pain experienced during walking. Our results showed no effect of medial arch 253 supports on knee pain associated with OA. 254
255
In the present study, addition of medial arch supports to standardised athletic 256 shoes resulted in small mean increases in knee load (2.2% increase in the first 257 peak KAM, 2.5% increase in the KAA impulse and 0.5% increase in second 258 peak KAM), that were not statistically significant. Our results partially agree 259 with studies of healthy young people reported in the literature 24, 25 . Nakajima et 260 al 25 tested a flat orthotic with an attached medial arch support that was taped to 261 the sole of the foot. The comparison condition was a flat orthotic (with no arch 262 support) also taped to the sole of the foot. In 20 healthy volunteers, no 263 significant change in either the peak external KAM, or in the stance phase KAM 264 averaged over either the entire stance phase, or the early, middle or late stance 265 phases, was observed. Franz et al 24 used a more conventional prefabricated 266 medial arch support that was inserted into standardised athletic shoes, similar to 267 our study protocol. In their study of 22 healthy young people, no significant 268 change in the first peak KAM during walking was observed. However, they 269 noted a significant increase in the second peak KAM (late stance) during 270 walking by 6%, as well as a significant 4% increase in the peak KAM during 271 running, with medial arch supports. It is unclear why we did not observe a 272 significant increase in late stance knee load with arch supports, given that we 273 used a similar prefabricated medial arch support with respect to length, 274 flexibility and physical dimensions. It is likely that the healthy young Although not statistically significant, we observed a mean increase in the first 280 peak KAM of 2.2% with medial arch supports. However, given that the study 281 was powered to detect a 7.5% difference in the first peak KAM, it is not 282 surprising that the results were not statistically significant. A 7.5% difference 283 was chosen a priori as a change of this magnitude could reduce the risk of 284 structural disease progression by approximately two-fold 4 . Thus, it is possible 285 that a real but small effect on KAM parameters with medial arch supports was 286 not detected because of the sample size. Other reasons which may explain our 287 lack of demonstrated effect of the medial arch supports may be related to our 288 study sample. We did not select people on the basis of having flattened feet, nor 289 did we measure foot posture as part of our study. Whilst our sample can be 290 assumed to be representative of people with symptomatic medial knee OA living 291 in the community, it is unlikely to reflect those with knee OA who might 292 specifically seek treatment for pronated feet. It is possible our sample did not 293 contain enough people with sufficiently flattened feet to demonstrate a 294 significant effect of medial arch supports on either indices of knee load or pain. 295 Future research should evaluate the effects of medial arch supports in such 296 people specifically. Finally, we standardised the type of shoe worn by our 297 participants rather than permit them to walk in their own self-selected shoes. Although we observed no mean significant increase in parameters of knee load 304 with our arch supports, it is important to note the considerable variation in 305 response across individuals in our study. This is consistent with previous 306 orthotic research 21, 36, 37 . Individual data suggest there are some people with knee 307 OA who experience increased medial knee loading with medial arch supports. 308
Future research should be directed towards evaluating which patient 309 characteristics mediate the effect of medial arch supports on indices of knee 310 load, so that clinicians can more readily identify the patients who may be more 311 likely to adversely increase knee load with these orthoses. Factors that may be 312 important include foot posture/arch height, foot stiffness/mobility, knee 313 malalignment severity, presence and nature of compensatory gait strategies, 314 severity of disease symptoms and/or comfort of the arch supports. 315
316
We did not observe any immediate significant change in pain with medial arch 317 supports. This may be because our cohort did not find the walking task very 318 provocative (median pain score 1 out of 10 during the control condition) and 319 therefore there was a reduced likelihood for pain to change across test 320 conditions. We had hypothesised that increases in knee pain would occur 321 because of increases in knee load with use of medial arch supports. Given that 322 the medial arch supports did not significantly increase mean knee load, it is 323 perhaps not surprising that pain levels were similarly unaffected. It is also 324 possible that knee pain is not as closely linked to knee loading as previously 
